I . The urinary excretions of total diethyl ether-soluble acids and total aromatic acids of three sheep given maintenance diets containing different proportions of hay, rolled oats and decorticated groundnut meal were determined.
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A. K. MARTIN I969 crude fibre and lignin have been given to sheep and the outputs of urinary aromatic acids have been determined. No clear relationship was observed between the outputs of urinary aromatic acids and the intake of these dietary constituents.
E X P E R I M E N T A L

Animals
Three sheep were used, two of which were of the Hampshire breed (I and 2) and the third (3) was of the Kent breed. All were 3-year-old wethers. During the experiment the weights varied slightly. Sheep I weighed between 52.6 and 56.4 kg, sheep 2 between 55.6 and 59.7 kg and sheep 3 between 58.2 and 61.1 kg. 
Diets
Four diets were given to each of the sheep. The same poor-quality hay was used in all the rations. Diet H consisted entirely of hay; diet HO was composed of 70 % rolled oats and 30 yo hay; diet H N was composed of 52 yo hay and 48 yo solvent-extracted decorticated groundnut meal, and diet HON consisted of 51 % of diet HO and 49 yo of solvent-extracted decorticated groundnut meal. The daily intakes of hay, rolled oats and decorticated groundnut meal are given in Table I . I n diets HN and HON 50% of the gross energy was supplied by decorticated groundnut meal.
From preliminary experiments in which the apparently digestible energy of the diets was determined, the metabolizable energy content of each diet was calculated (Blaxter et al. 1966) . The fasting metabolism of these sheep was known from other experiments and the quantity of each diet required to supply this amount of metabolizable energy was calculated.
Each sheep was maintained on each diet for a total of 4 weeks. During the final week of each feeding period, urine was collected by aspiration from a urine funnel attached to the sheep harness (Martin, 1966) into a reservoir containing a mercuric chloridepotassium dichromate preservative (Martin, I 966). Daily collections of faeces were made during this week and daily weights of faeces and urine were recorded and samples were taken for analysis. The feeding sequences were: for sheep no. I 
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Foods
Analytical methods
The dry-matter contents of the foods were determined by drying them to constant weight at IO~', the N contents by Kjeldahl digestion followed by macro-distillation into boric acid and titration with standard acid, and the energy contents by combustion in an adiabatic bomb calorimeter. Lignin was determined by the method described by Waite, Johnston & Armstrong (1964) , cellulose by the method of Crampton & Maynard (1938) and crude fibre by the standard method of the Association of Official Agricultural Chemists. The results of these analyses are recorded in Table 2 . 
Faeces
At the end of each collection period representative samples were taken from each of the daily collections of faeces. The samples were pooled, and a known weight of water was added to each pooled sample and the sample was homogenized. The N and drymatter contents of the homogenate were determined.
Urine
Urine was weighed and sampled every 24 h during collection periods. Two or three of the daily samples were analysed as described below to determine the total concentrations of diethyl ether-soluble acids, hippuric acid and free aromatic acids.
Total acids soluble in diethyl ether. These were estimated by pipetting 25 or 50 ml of urine into a continuous extraction apparatus, adjusting the pH to between I and 2 with 6 N-HCl, adding 50 ml saturated sodium chloride solution and extracting continuously for 24 h with diethyl ether. The solvent was removed under reduced pressure at room temperature in a rotary film evaporator. Care was taken to ensure that the vacuum was released as soon as the last traces of solvent were removed or losses of volatile acids occurred. These diethyl ether-soluble acids were dissolved in water and titrated to pH 7.0 with 0-1 N-NaOH using an automatic titration apparatus. The results were expressed in terms of benzoic acid equivalent (BAE). However, this fraction contains aliphatic acids (e.g. succinic acid, oxalic acid), free phenolic acids (e.g. p-hydroxy-phenylacetic acid) and aromatic acids (e.g. benzoic acid, phenylacetic acid) and glycine-conjugated phenolic and aromatic acids.
Hippuric acid. This was determined by estimating the N content of the acids extracted from acidified urine with diethyl ether. Urine ( 5 ml) was acidified with392 A. K. MARTIN 1969 and extracted with diethyl ether for 6 h. On completion of the extraction, the diethyl ether was removed under reduced pressure. Urea was removed from the extract with sodium hypobromite as described by Griffith (1926) . Tests showed that urea was completely removed by this procedure. The flask was heated to remove bromine and water, cooled, and the Kjeldahl catalysts (50 mg mercuric oxide and 4 g potassium sulphate)
were added followed by 5 ml of concentrated sulphuric acid. Heating was continued for 40min after the digest cleared. The ammonia in the digests was determined colorimetrically by one of two methods. Either the indophenol-blue method of Tetlow & Wilson (1964) , slightly modified by Martin (1966) , or the ninhydrin method of Jacobs (1956, 1960) was used. The indophenol-blue method suffers from the disadvantage that very precise adjustment of the strongly acid digest to pH 7.0 must be made before the colour can be developed; buffers cannot be used. The method of Jacobs (1956, 1960) is simpler in that the digest is only approximately neutralized at oo with NaOH and then brought to pH 5.0 with citrate buffer. Standard solutions of ammonium sulphate containing the digestion catalysts were analysed with each set of samples to determine the conversion factors. Recoveries of standard ammonium sulphate, urea and glycine solutions taken through the Kjeldahl digestion and colour development procedures, and also of hippuric acid taken through the ether extraction and colour development procedures, varied between 99.1 and 103.6 %.
Acids soluble in light petroleum (boiling range 40-60"). Experiments with a series of pure acids showed that continuous extraction of aqueous solutions at pH 1-2 with light petroleum for 24 h would completely extract benzoic acid and phenylacetic acid and its homologues, but not aromatic acids with hydroxyl groups substituted either in the benzene ring or in the aliphatic side chain. Glycine conjugates of aromatic or phenolic acids and aliphatic acids (oxalic, lactic, citric, succinic and a-oxoglutaric) were also insoluble in light petroleum. The titratable acidity of these extracts was expressed in terms of benzoic acid equivalent (BAE).
All urine analyses were begun immediately on completion of the 24 h collection period.
Statistical analysis Analyses of variance were carried out to determine the significance of differences in urinary excretion of the various acid fractions examined. When significant differences were found on analysis of variance, those means which were significantly different from other means at P < 0.05 were identified by means of the test devised by Tukey and described by Snedecor (1956) .
RESULTS
A complex mixture of acids is extracted from acidified urine by diethyl ether (see p. 391). Ruminants excrete benzoic acid almost entirely in the form of its glycine conjugate, hippuric acid (Gupta, 1932; Ringer, 1911 ; Magnus-Levy, 1907) . However, this compound is unstable at the high pH (6-8) of normal ruminant urine and decomposes to yield benzoic acid and glycine. The only acids extracted from acidified urine by light petroleum (boiling range 40-60") are benzoic acid and its homologues, so the acidity of this fraction was determined at the same time as the hippuric acid analysis.
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The total aromatic acid excretion has been taken to be the sum of the BAE in the light petroleum extract and that found as hippurate.
The mean results for the excretion of acids in each of the urine fractions examined when the sheep were given the four diets used in these experiments are presented in Table 3 , together with the standard error of diet means derived from analysis of variance. Some hydrolysis of hippuric acid may have occurred since appreciable quantities of unconjugated aromatic acids (e.g. 25% of the total aromatic acids excreted by sheep given diet H; see Table 3 ) were found in the light petroleum extracts of the urine samples. The diethyl ether fraction, as already noted, contains acids other than aromatic acids: only between 70 yo (diet HN, Table 3 ) and 75 yo (diet HON, Table 3 ) of the diethyl ether-soluble acids were aromatic acids, which is in agreement with the findings of Nehring & Zelk (1965) , who reported that estimation of hippuric acid as the total titratable acidity of diethyl ether extracts of acidified ruminant urine resulted in pronounced overestimation of hippuric acid excretion. Analysis of variance of the results summarized in Table 3 showed that there were no significant differences between the three sheep in the amounts of urinary acids excreted in each of the fractions examined. There were significant between-ration differences for all the urinary fractions: for acids soluble in diethyl ether, P < 0.001 ; for hippuric acid, 0.01 < P < 0.05 ; for acids soluble in light petroleum, 0.01 < P < 0.05 and for total aromatic acids, 0.01 < P < 0.05. The individual between-ration differences (significant at P < 0.05) which were responsible for the significance of the analyses of variance were identified as described by Snedecor (1956 In Table 4 the excretion of total aromatic acids by the sheep on the different dietary treatments has been calculated as mg BAE excreted per g crude protein ingested, and also per g of apparently digestible crude protein, crude fibre, lignin and cellulose ingested, The individual results obtained were subjected to analysis of variance. There were no significant differences between sheep, but for each dietary component considered significant differences were found between rations, namely, crude protein 0'01 < P < 0.05, apparently digestible crude protein 0'001 < P < 0.01, crude fibre 17.0 P < 0.001, lignin 0-001 < P < 0.01 and cellulose P < 0.001. The difference between means required for significance at P < 0.05 is recorded in Table 4 . The existence of these significant differences suggests that none of the food components considered acts as the major precursor of the aromatic acids excreted. Vol. 23
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In discussing the origin of the relatively large output of urinary aromatic acids by ruminants, a number of possibilities should be considered. These acids may arise as a consequence of the metabolism by rumen micro-organisms of precursors present in all foods; they may arise as a consequence of metabolism peculiar to ruminant tissues of precursors found in all foods; or they may arise from precursors peculiar to the diet of ruminants metabolized by either micro-organisms or the animal tissues.
Armstrong, Chao, Parker &Wall (1955) found that the greater part of the hippuric acid excreted in the urine of man and the rat is derived from dietary sources. No information is available on the endogenous output of aromatic acids by ruminants but, assuming this to be small, the urinary excretion of benzoic acid by various species may be compared on the basis of their metabolic body sizes (i.e. body-weight raised to the power of 0.75; Kleiber, 1965 (Power, 1936) eating their normal diets give results that also fall within this range. When these values are compared with those given in Table 5 for ruminants, it is clear that the range for ruminants, though considerably affected by diet, is much larger than that normally found for non-ruminants. The values given in Table 5 Table 5 ). However, inclusion of a protein concentrate (decorticated groundnut meal) in the ruminant diet led to a larger urinary excretion of aromatic acids than did cereal concentrates ; between I 80 and 406 mg BAE/kgWo75 per 24 h were found (Topps et al. 1968 and diets H N and HON of these experiments; see Table 5 ). I n the experiments reported here, although the addition of decorticated groundnut meal to the diet of hay and rolled oats (HO) resulted in a significant increase in total urinary aromatic acids, its addition to the diet of hay alone (H) did not cause a significant increase in the excretion of these acids in the urine.
Although the difference was not statistically significant, two of the sheep did excrete larger amounts of total aromatic acids when the hay diet was supplemented by decorticated groundnut meal. While inclusion of a protein concentrate in the ruminant diet was accompanied by an increase in the excretion of the total urinary aromatic acids (Table 3) , this increase did not appear to be associated with the protein content of the concentrate (see Table  4 ). Scott et al. (1964) have shown that considerable conversion of phenylalanine into phenylacetic acid and of tyrosine into 3-phenylpropionic acid may occur in the rumen as a result of microbial fermentation. They found, however, that administration of radioactive phenylalanine into a sheep's rumen resulted in the excretion of only 0.2 yo of the activity as urinary diethyl ether-soluble acids (mainly phenylacetic acid) in a 6 h period after dosage. I n a similar experiment, about I yo of the activity of tyrosine was recovered as urinary diethyl ether-soluble acids (mainly as benzoic acid) in an 8 h collection period. Scott et al. (1964) did not make collections of urine for 24 h periods after administration of radioactive amino acids, but for purposes of calculation it has been assumed here that the relative proportions of diethyl ether-soluble acids derived from amino acids were the same for a 24 h period as for the shorter periods (which may result in considerable overestimation). T h e amino acid intakes of the sheep given the rations used in the experiments now reported have been calculated from the data of Block & Bolling (1945) on the amino acid composition of food proteins. When the urinary aromatic acids calculated to be derived from phenylalanine and tyrosine were expressed as percentages of the total amounts of benzoic acid excreted in the urine of sheep on each dietary treatment the following values were obtained: CoteIeu (1938) have shown that the urinary excretion of hippuric acid by sheep increased on giving oral doses of quinic acid, the increase being equivalent to 54% of the theoretical maximum that could be derived from quinic acid. It is possible that these compounds may be responsible for a large part of the urinary aromatic acids excreted by ruminants, I n this respect, it may be noted that it has been shown that man, subsisting on an all-vegetarian diet of sweet potato, may excrete between 143 and 225 mg BAE/kgWo75 per 2 4 h (Luyken, Luyken-Koning & Pikaar, 1964) . Mosonyi, Oblatt & Surjan (1948) successfully attempted to increase the urinary hippuric acid output of man from normal levels to as high as 2500 mg BAE/kgWo75
per 24 h on a diet of potatoes, oat flake, vegetable and prunes. Large amounts of quinic acid would be present in the diets used in the experiments of Mosonyi et al. (1948) and it has been shown that oral doses of quinic acid can be metabolized to hippuric acid by man (Adamson, Bridges & Williams, 1966) . However, it is probable that the bacterial flora in the intestinal tract of man may be responsible for this aromatization (Asatoor, 1965 ).
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